In 2016 the World Health Organization recommended intra-operative ventilation with 80% inspired oxygen to reduce surgical site infection rates, based upon a meta-analysis of 15 randomised controlled trials, of which two were by Mario Schietroma's research group. Five trials by this group have been retracted for duplication, plagiarism, statistical error and lack of ethical approval. We analysed 40 papers by this group: 24 randomised controlled trials (5064 participants) and 16 observational studies (1847 patients). There was evidence that data integrity was compromised in 38 out of the 40 analysed papers. The distribution of baseline characteristics in randomised controlled trials was unlikely, p = 1.5 9 10 À8 : continuous variables within trials were heterogeneous, p = 1.9 9 10 À9 , and categorical variables were homogeneous, p = 8.5 9 10 À20 . Effects of interventions varied less than expected between studies: for categorical variables, for instance postoperative wound infection, p < 1 9 10 À7 , and for continuous variables, for instance HLA-DR concentration, p = 0.00001.
Introduction
Five papers authored by Schietroma et al. have been retracted [1] [2] [3] [4] [5] . Four of these papers were randomised controlled trials of liberal peri-operative oxygen (80% vs. 30%) [1, [3] [4] [5] .
In 2016, the World Health Organization made a strong recommendation that "adult patients undergoing general anaesthesia with endotracheal intubation for surgical procedures should receive an 80% fraction of inspired oxygen intra-operatively and, if feasible, in the immediate postoperative period for 2-6 h to reduce the risk of surgical site infection." [6] The merits of liberal peri-operative inspired oxygen have been disputed [7, 8] . Liberal oxygen administration increases mortality in acute illness [9] . Liberal peri-operative oxygen might also increase mortality or other harm, even if there were reliable evidence that it decreased surgical site infection. Liberal peri-operative inspired oxygen did not reduce surgical site infection when three trials by Schietroma et al. were excluded in a recent meta-analysis [10] .
We were concerned that the WHO recommendation to use 80% inspired peri-operative oxygen may harm patients and that the specific reduction of surgical site infection depended upon false evidence. The WHO has recently updated their guideline, and excluded trials by Schietroma et al. We remain concerned that data in unretracted papers by Dr Schietroma may be sufficiently compromised to warrant retraction.
Methods
We searched Medline, Embase and CENTRAL databases for papers with Dr Mario Schietroma as an author (to November 2018). We included randomised controlled trials and observational series published in English. We searched trial websites for registration. We also searched the same databases for trials of peri-operative liberal supplemental oxygen vs. standard supplemental oxygen (80% vs. 30%, respectively). We excluded trials of other oxygen concentrations. We excluded case reports, letters, economic analyses and reviews. Details of the systematic review and search strategy are available in the supplementary material (see Supporting Information Appendix S1).
We extracted the numbers of participants and their categorical and continuous characteristics. We calculated the probabilities of distributions of baseline characteristics for participants in randomised controlled trials [11] . We derived p values, when not reported, for relative risks (RR) (95%CI) and odds ratios (OR) (95%CI) [12] . We checked the calculation of p values presented in any paper, whether for baseline characteristics or results, using the test stated in the methods of each paper. We estimated standard deviation (SD) as range/4 when necessary and estimated the p value with independent t-tests when the Mann-Whitney U-test had been used. We categorised the comparison of p values by: whether the p value was reported precisely or at a threshold (for instance "< 0.05") and whether we could generate a precise p value using mean (SD), rates, OR (95%CI) or RR (95%CI), using the same test as the paper's authors. We categorised a p value as incorrect if we calculated a different p value to the same precision or if we calculated a p value on the other side of the threshold. We calculated the probabilities for the variation in baseline characteristics within and between papers. We used simulation to calculate the probability for the variation in results between papers, separately for different outcomes [13] . We used random effects models with the restricted maximum-likelihood estimator or the Mantel-Haenszel method to pool trial results. We compared figures for duplication. We analysed the frequency of odd and even terminal digits for reported precise p values, with their expected frequencies determined by the number of numerals to the right of the last zero and Newcomb-Benford's law [14] .
The meta-analysis of liberal oxygen trials was done for variation between studies for some categorical outcomes (Table 2 and Supporitng Information Appendix S1).
Relative risks, ORs and sums were incorrectly calculated 36 times (Table 1 and Supporting Information Appendix S1).
Supplementary Information Data S1 details the numerical data analysed and the results. Fig. 6) ).
Discussion
We found extensive evidence to support an investigation into work by Mario Schietroma's group. The evidence challenges the veracity of much, if not all, of the published work from this group.
Our meta-analysis indicated that this group's trials of liberal inspired peri-operative oxygen to reduce surgical site infection were markedly different from the pooled results of all other published trials. In short, the Schietroma trials were more consistent in their results than one would expect, with each reporting more than a 50% reduction in outcome when using liberal inspired oxygen.
Should any of Schietroma's papers on liberal oxygen prove real we would question their ethics: despite reporting benefit from liberal oxygen, Schietroma and colleagues conducted further trials that assigned some participants to 30% oxygen. Each study claimed to have ethics committee approval from the University of L'Aquila, but this appears to be untrue [71, 72] . None of the trials had been preregistered on a publicly available website.
Our updated meta-analysis provides similar information to that of others if the Schietroma trials are excluded in the analysis [9, 10] . The major strength of our investigation is that it is not only systematic (identifying Figure 3 A forest plot of mean (SD) for some baseline continuous variables from randomised controlled trials with Mario Schietroma as an author. The groups within trials were often imbalanced, particularly for neutrophil count, but their distribution was relatively homogeneous. For instance, the probabilities that the heterogeneous distribution of neutrophil count would be more extreme within separate trials were: p = 0.1684 [3] ; p = 0.1018 [26] ; p = 0.456 [34] ; p = 0.00035 [47] and p = 0.0024 [49] (pooled p = 6.6 9 10
À5
). Conversely, the probability that the distribution between trials would vary less is p = 0.020. HLA-DR, human leukocyte antigen-DR expression additional relevant trials) and based only on randomised trials but also fully checked the reported data in each of the relevant studies, resulting in the identification of numerous discrepancies. Limitations of our paper include those inherent in the Carlisle method and in meta-analysis. Our evaluation of disparate studies published in a wide variety of journals could be viewed as a limitation or a strength.
The conduct of studies published by Schietroma et al. Figure 4 A forest plot of wound infection rates in randomised controlled trials with Mario Schietroma as an author, categorised by whether the intervention was liberal oxygen, in seven trials, or something else, in nine trials. There was little variation in effect between studies across all interventions, p < 1 9 10
À7
. Inf, infection. 
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